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ABSTRACT 



An optical scanner having a weighted adaptive threshold 
value determination for generating a one -bit representation 
of a scanned original. The optical scanner comprises an 
optical detecting unit which provides a discrete signal rep- 
resenting pixels in a scanned region and first device for 
generating a first weighted discrete signal which is a 
weighted version of the discrete signal representing pixels in 
a scanned region. The optical scanner further comprises 
second device for providing a filtered signal which is a 
filtered version of the weighted discrete signal and third 
device for generating a second weighted signal, being a 
weighted version of the filtered signal. A comparison device 
produces a binary output as a function of the discrete signal 
representing pixels in a scanned region and the second 
weighted signal. 

20 Claims, 13 Drawing Sheets 
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OPTICAL SCANNER USING WEIGHTED 
ADAPTIVE THRESHOLD 

HELD OF THE INVENTIGN 

The invention relates to the field of optical scanning 
systems, especially conversion of non-ideal graytone docu- 
ments into ideal one -bit images. 

BACKGROUND OF THE INVENTION 

10 

In general, when optical scanners scan, they generate an 
electronic signal representing grey tone values for points 
along lines across the scanned document. The grey tone 
values are typically represented as a digital multi-bit signal. 

On documents, like e.g. technical drawings, to be scanned 15 
by an optical scanning system, it is possible to define three 
terms: foreground, background, and information content. 
The background represents the color or tone of the 
document, e.g. white or colored paper. The information 
content is typically in form of lines or characters, whereas 20 
the foreground represents the appearance of the information 
content in black or dark grey tones. 

On a document both the background and the foreground 
may fluctuate across the document. This may be due to the 
fact that the original is dirty or multi-colored. Further ^ 
characters and lines are often smeared or smudged, and are 
sometimes written with either very light strokes that are 
difficult to detect, or very heavy strokes that tend to broaden 
and run together when imaged. When originals with these 
real-life characteristics are scanned and converted into a 
one-bit image, a simple global threshold value is not appro- 
priate. 

Many types of histogram methods have been proposed for 
thresholding, but they have the drawback that either they 
must set a global threshold value for the document, or they 
must be based on sections of ihe document in order to be 
computationally feasible. These methods are characterized 
by trying to estimate the histogram minimal position that 
best discriminates the information content from the back- 
ground. If the threshold value determination is based on 
histograms for sections of the document, it is difficult to 
select a global contrast or * dark/light' setting. 

In order to obtain a better suppression of unwanted 
background patterns, that is e.g. the dirt and multicolor, and 45 
to overcome problems of an altering foreground, adaptive or 
dynamic threshold value determination is used. U.S. Pat. 
No. 5,377,020 discloses a method of providing local thresh- 
old values for zones on a original based on statistically 
determining the local threshold values in response to the 5Q 
frequency distribution of grey level values belonging to 
points from line segments in a zone. 

Tbese prior art adaptive threshold value determination 
methods, however, do not overcome a particular problem: 
for a typical drawing, the background constitutes the major 55 
part of the entire document area. In such a case the pixel 
values from the scaimed document are a bad statistical 
material for adaptive threshold value determination because 
the goal is to discriminate the information content from the 
unwanted background patterns. 50 

U.S. Pat. No. 4,345,314 discloses a method which, to 
some extent, overcomes this problem by incorporating an 
equahzing function in front of a 2D spatial moving average 
filter which provides a threshold value for a one-bit com- 
parison. Due to the fact that the threshold comparison 65 
operates on an equalized (and filtered) set of pixel values 
which do not preserve the mean value in the scanned 



2 

original, the equalizing function has to be selected quite 
close to a linear function. For a typical real-life document 
this method is limited because it does not provide a sufficient 
threshold value accuracy. 

SUMMARY OF THE INVEN^HON 

According to the present invention it is possible to over- 
come this 'near linear* limitation on the equalizing function 
if a second transformation, which preserves the mean value 
in the scanned original, is applied before the 2D spatial 
moving average filter. 

The adaptive weighted threshold determination comprises 
first means for generating a first weighted discrete signal, 
which is a weighted version of said discrete signal repre- 
senting pixels in a scanned region, second means for pro- 
viding a filtered signal, which is a filtered version of said 
weighted discrete signal, and third means for generating a 
second weighted signal, which is a weighted version of said 
fiUered signal. The binary output is a result of a comparison 
of said discrete signal representing pixels in a scanned 
region and said second weighted signal. 

In a preferred embodiment the discrete signal is an 8-bit 
multi-bit signal. The discrete signal representing pixels in a 
scanned region may be delayed to allow the threshold 
determination to be based on grey tone values from points 
both preceding and succeeding the points for which the 
adaptive threshold values are determined. It may be further 
preferred to perform some type of interpolation filtering of 
the discrete signal representing pixels to provide intermedi- 
ate pixel values for a resolution enhancement. 

According to the invention, it is preferred to allow the first 
and third means to implement a weighting function and an 
inverse weighting function, respectively. The weighting 
functions may be piecewise compoimded in order to obtain 
a numerically well-suited solution. 

According to the invention the filtering process may be 
based on either a zoned filtering or a 2D moving average 
filtering. In a preferred embodiment, the 2D moving average 
flkering is implemented in, along and across line sections, 
respectively. 

StiQ according to the invention the optical scanner for 
generating a one -bit representation of a scanned original 
may comprise a dither circuit to provide a one-bit represen- 
tation in the form of values from a dither circuit and a 
converter for converting the grey tone signal into a signal 
comprising a one-bit-representation, said conversion being 
responsive to the individual grey tone values, the adaptive 
threshold values, and the dither values from the dither 
circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be explained more fully below in 
connection with a preferred embodiment and with reference 
to the drawing, in which: 

FIG. 1 shows a preferred embodiment of an apparatus for 
scanning a document and preparing the signal provided by 
the scacming for storage or reproduction, using moving area 
adaptive thresholding. 

FIG. 2 shows a preferred embodiment of a low-pass 
digital filter threshold circuit according to the invention; 

FIG. 3 shows an example of a transfer function stored in 
a look-up table according to a preferred embodiment of the 
invention; 

FIG. 4 shows an example of a weighting function stored 
in a look-up table according to a preferred embodiment of 
the invention; 
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FIG. 5 shows an example of an inverse weighting function for each of the cells in the array 4. This knowledge is used 

stored in a look-up table according to a preferred embodi- to determine a correction factor for each of the cells in the 

ment of the invention; array. These correction factors are transferred from the 

FIG. 6 shows a histogram Hist (x) for an original with controller 10 to a RAM memory 12. Aoounter 13 is reset by 
pixel values x, where a major part of the area of the original S a hne clock signal LC from the clock generator umt 11 and 

T,, - ^i^t. • c -1/ IS mcreased by one each time it receives a pixel clock pulse, 

is background and a minor part of the area is foreground/ ™ ^ , * • i u • v j 

£ . f . J J The counter value represents the pixel number m a line and 

information the histogram for the separated foreground and ^ transferred to the RAM memory 12 for addressing the 

background bemg labeled Hist (x,^) and Hist (x^^); corresponding correction factor. The correction factor is 

FIG. 7 shows a histogram Hist (y) for an original with transferred to a multiplier 7 in which the digitized pixel 

weighted pixel values y, the histogram for the separated and value is compensated with the corresponding correction 

weighted foreground and background being labeled Hist factor. 

(x^^) and Hist (x^^); The corrected 8-bit signal from the multiplier 7 is split in 

FIG. 8 shows a preferred embodiment at an apparatus for a branch, and one part is received by an adaptive threshold 

scanning a document and preparing the signal provided by determining circuit 9. The adaptive threshold detennining 

the scanning for storage or reproducUon, using zoned adap- circuit 9 determines adaptive threshold values for pixels 

live thresholding. along the scanned lines, and the determined adaptive thrcsh- 

™^ft, c 1 Lj. , c ^ c old values are transferred to a first comparator input of the 

FIG. 9 shows a preferred embodiment of an apparatus for i . l- * ic 

, ♦J • .u • 1 -J J u gray-scale-to-bmary-comparator 15. 

scannmg a document and prep armg the signal provided by ^ 1^ . r... .jn^-.- i- • .. 

the scanning for a reproduction by means of zoned thresh- J^' the branched 8 -bit signal is received by 

olding and dithering; * ^^^^^ interpolation filter unit 34 which, for each received 

^„ . ' ^ . , r- 8-bit grey tone value, outputs either one 8-bit grey tone 

FIG. 10 shows a preferred embodiment of an apparatus ^^^j^^ incK^ai number N of interpolated 8-bit grey 

for scanning a document and preparing the signal provided ^^^^ ^ dependence on an NxPC clock output from a 

by the scanmng for a reproduction by means of moving area ^j^^^ multiplier unit 35. A preferred way of doing so is 
thresholding and dithenng; 25 described in the U.S. Pat. No. 5,502,578 assigned to the 

FIG. 11(a) shows a standard dither matrix; assignee in this case. This patent is hereby incorporated by 

FIG. 11(b) shows a corrected dither matrix; reference. 

FIG. 12 illustrates the function of the apparams shown in In case of N having the value one, digital interpolation 
FIG. 8; 2P filter unit 34 is transparent and passes on the received 8-bit 

mC. 13 schematicaUy shows how the dither matrix may ^g"^- Tt^t the filter 34 can be omitted, 

be corrected for the dark or light background; The 8-bit grey tone values from the digital filter unit 34 

FIG. 14 shows how lines on a document with a 'weaving' received by a delay unit 8, e.g. a FIFO register. The 

foreground can be reproduced; °^ ^^^^V '^^P^"^^ °" °^ "'^ calculated 

, , . , - , _ threshold values and is discussed in the U.S. Pat. No. 

15 shows an alternative embodiment of the conflgu- 35 ^ 345 ^^^^^ employed to provide a look-ahead 

ration of the dither circuit and the threshold arcuit; ^^^^^^ ^ ^^^^ ^^^^^^ ^^^^^^^^ j;^^-^^ ^ ^^^^ 

FIGS. 16 and 17 illustrate the multi-bit to 1-bit conversion ^^^y pi^^ls scanned previously to the actual pixel for 

in the unit shown m FIG. 13; ^vjiich the decision is to be made, but in addition pixels 

FIG. 18 shows an embodiment based on an error diffusion scanned beyond the actual pixel, 

algorithm; The NxPC clock shifts the digital data through the FIFO 

FIG. 19 shows an example of a transfer function stored in register 8. 

a look-up RAM according to a preferred embodiment of the digital 8-bit grey tone values are transferred from the 

invention. delay to a second comparator input of the grey-scale-to- 
DETAILED DESCRIPTION OF THE « binary-comparator 15^ In comparator 15 the 8-bit grey tone 

INVENTION values present at the first and second comparator input; that 

is the threshold values and the grey tone values, are com- 

The preferred embodiment of the scanner according to the pared. If the grey tone value exceeds the threshold value, the 

invention is shown in FIG. 1 and is based on successive output of the comparator will be the binary value "1" 
scanning of lines on a document 1. The scanner may be of 50 (white), otherwise "0" (black). This value may be printed on 

the flat bed, roller, drum, or another t5^e. An image sensor e.g. a laser printer, viewed on a display device, or stored in 

e.g. comprised by a lens system 2, having an optical axis 3 a file. In the implementation shown in FIG. 1 the values are 

images a line on the document 1 on a line sensing array 4, stored in a memory 21. 

e.g. a CCD unit. When the amount of light detected by the The comparator 15 is controlled by the resolution clock 
cells in the array 4 has been read out from the array 4, the 55 CLK from the clock generator unit 11. The CLK clock 

document is moved slightly for scanning the next line. pulses are a selected subset of the NxPC clock pulses, and 

The analogue voltage from the cells of the array 4 is the selection is made by the clock generator unit U and 

clocked out by using a pixel clock signal PC provided by a controller 10 so as to obtain a variable preselected output 

clock generator unit 11 associated with the controller 10 of resolution from the grey-scale -to-binary-comparator 15. 
the scanner. Tbe sequence of analogue voltage levels is 60 This is discussed in the U.S. Pat. No. 5,502,578. 

transferred from the array 4 to an amplifier 5 for amplifi- A preferred embodiment of the adaptive threshold circuit 

cation. The amplified analogue signal is converted into a according to the invention is shown in FIG. 2. The adaptive 

multi-bit signal or an 8-bit signal in an analog to digital threshold circuit is based on a two dimensional digital 

converter (ARC) 6. The conversion is controlled by the pixel low-pass filter providing a moving area average of pixel 
clock PC. 65 grey tone values along scan lines. The adaptive threshold 

A reference has been scanned in advance, whereby the circuit in FIG. 2 may replace the corresponding part shown 

controller unit 10 has been able to calculate the sensitivity in FIG. 1: the adaptive threshold determination circuit 9. 
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The multi-bit signal comprising 8 -bit values (values 
0-255) from the multiplier 7 is passed to a look-up table 
(LUT) 37, in which a previously loaded pre-emphasis func- 
tion is stored. The addressed 8-bit look-up value is then 
passed to the LUT 47, in which a previously loaded first 
weighting function is stored. This addressed 8-bit lookup 
value is passed via the multiplication-by-f LUT 38 (0</<l) 
to an adder 39. A first feedback signal is added to the 
multiplied signal by the adder 39. The sum from the adder 
39 is stored in a register 40 clocked by the pixel clock PC, 
the 8-bit output from register 40 is branched, and, via one 
branch after multiplication-by-(l-f) in LUT 41, passed on as 
said first feedback signal to the adder 39, and, via the other 
branch after mulUpUcation-by-g in LUT 42 (0<g<l), trans- 
ferred as input to an adder 43, A second feedback signal is 
added to the signal from the divider 42 by the adder 43. The 
8-bit sum from the adder 43 is branched and, via one branch 
after multiplication-by-(l-g) in LUT 44, stored in the FIFO 
45 clocked by the pixel clock PC, and, after a delay of one 



mance of the traditional thresholding approach may be 
refined if a number of important facts are realized. On the 
vast majority of originals to be scanned the background is 
represented by pixel values which belong to one end of a 
grey tone spectrum, and the foreground or information 
content is represented by pixel values which belong to the 
other end of the spectrum. That is what is makes it possible 
to visually extract the information content on the original. 
Further it is reaUzed that most of the area of the original is 
background, and that grey tone variations in the foreground 
or information end of the grey tone spectrum seem to be 
more important than variations in the background end of the 
grey tone spectrum, when considering reproduction of an 
original with the aim of information extraction. One way of 
obtaining the mentioned refinement is to apply some type of 
weighting of the pixel values, by means of a weighting 
function P before the pixel values are filtered so that the 
pixel values representing foreground/information content, 
provided to the filter by this weighting process, are enhanced 
relative to the pixel values representing background. The 



scan line in FIFO 45, passed on as said second feedback ao output of the following filter process will reflect this weight- 
signal to the adder 43. TTie other branch passes the 8-bit sum ing process in two ways: the important grey tone variations 
from the adder 43 to the LUT 48, in which a previously in the foreground or information end of the grey tone 
loaded second weighting function is stored. spectrum will have a larger amplitude, which is desired, but 
The addressed 8-bit look-up value is then stored in a unfortunately— in the general case— the mean value of the 
register 46 in dependence on the resolution clock CLK; the 25 scanned pixel values will be biased. The point is that the 



8-bit output from register 46, constituting a two-dimensional 
running area average of the pixel grey tone values scanned, 
is branched and passed on to the grey scale-to-binary 
converter 15 and the controller 10 as the continuously 
updated adaptive threshold value. 

It is well known to one skilled in the art to extend the area 
included in the two-dimensional average by changing the 
reduction factors in the digital low-pass filter defining LUTs 
38,41,42, 44 e.g. by changing a multiplication-by-^^ in LUT 
38 and LUT 41 to one-eighth-part in LUT 38 and seven- 
eighth-part in LUT 41. 

In order to compensate for the different characteristics in 
various document types e.g. line drawings, blueprints, or 
maps, the functions stored in look-up tables 37, 47 and 48 
may be changed. The controller 10 is connected to the 
look-up tables for loading transfer functions. The actual 
transfer functions loaded are determined by the controller 10 
based on the operator settings, 

FIG. 3 shows an example of a pre-emphasis function 
stored in look-up table 37 according to a preferred embodi- 
ment of the invention. The transfer function eliminates 
variations in the input pixel value range below 80 and above 
240, thereby giving input pixel values between 80 and 240 
a full-scale span, i.e. values 0-255. The characteristics of the 
function may be based on contrast or dark-light operator 
settings. The dotted functioQ is an alternative transfer 
function, a so-called bias function. A bias function is used to 
offiset the threshold decision level so that the threshold 
decision is not disturbed by noise fluctuations in uniform 
areas. This is further discussed in "Image Thresholding for 
Optical Character Recognition and Other AppHcations 
requiring Charaaer Image Extraction" from IBM J. RES. 
DEVELOP, vol. 27, no. 4, 1983, by J. M. White and G. D. 
Rohrer. Alternatively the pre-emphasis curve and the first 
weighting function may be mathematically combined and 
stored in LUT 47, thereby omitting LUT 37. Similariy a 
post-emphasis function and the second weighting function 
may be mathematically combined and stored in LUT 48. 

Adaptive thresholding based on some type of low-pass 
filtering of pixels representing a scanned original is well 
suited for most scanning applications, however the perfor- 



30 



35 



mean value is very important for this adaptive low-pass 
thresholding approach. Therefore, and according to the 
invention, an inverse weighting function is apphed after the 
filtering process. The inverse weighting function is selected 
such that the benefit/refinement obtained by applying a 
weighting function before the flUering process is not dis- 
turbed and such that the mean value of the scanned pixel 
values, applied to the weighting function, is preserved or 
almost preserved in the filtered and weighted pixel values. 

FIG. 4 shows an example of a weighting function stored 
in look-up table 47 according to a preferred embodiment of 
the invention. The weighting function P(x J is a fimction of 
pixel values x with index n. The function enhances small 
pixel values relative to large pixel values, such that if large 
40 pixel values are associated with white tones and small pixel 
values are associated v^dth dark tones, the weighting function 
will enhance a grey tone range in the dark tones relative to 
a grey tone range in the white tones. This type of monotonic 
function is often suf&cient and preferred because it provides 
a very flexible solution in combination with the transfer 
function. However, in situations where the information 
content to be retrieved is associated with intermediate tones 
on an original having black as well as white patterns, another 
function may be preferred. Such a function may be non- 
monotonic with a maximum located at the intermediate pixel 
values to be retrieved. 

FIG. 5 shows an example of an inverse weighting function 
stored in look-up table 48 according to a preferred embodi- 
ment of the invention. The inverse weighting function p'^ 
55 (Z„) is a function of the pixel values zn provided by a 2D 
moving average filter. The purpose of this function is to 
provide a transformation which brings the weighted (and 
filtered) pixel values into a domain in which the threshold 
values can be compared with the pixel values from the 
60 original. In a preferred selection of the inverse weighting 
function, the overall shape of the histogram for the original 
is almost re-established because the effect of the filtering 
process is being not considered. A further preferred selection 
of the inverse weighting function implies that the mean 
65 value of the non-weighted pixel values is re-established. 
This is fulfilled if the inverse weighting function is the 
mathematical inverse to the weighting function. 



45 
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The weighting functions shown in FIGS. 4 and 5 are i(«)=^.r'(«>t-(i-g).z(n-i) 

smooth functions. However, it niay be feasible to create a ^^^^^ expanded: 
piece-wise compounded weighting and inverse weighting 
function if special criteria have to be fulfilled. One criterion 

could be due to a limited numerical representation, e.g. 5 

8-bits. ^('»)= E 

FIG. 6 shows a histogram Hist (x) for an original with '^^ 
pixel values x, where a major part of the area of the original 

is background and a minor part of the area is foreground/ where n is the actual pixel number, g is a constant, and z' is 

information, the histogram for the separated foreground and jq the input to the moving average across scan lines. 1 is the 

background being labeled Hist (x^^) and Hist (x^^. This numberofpixels within aline. Combining the two expanded 

separation is for illustration purposes only and shows that equations for moving average along and across scan lines 

the nimiber of pixels belonging to the foreground is less than yields the moving area average, z' (n): 
the number of pixels belonging to the background, and that 

the variance of the foreground, V{x^}, is less than the 15 

variance of the background, V{xt^}. If the pixel values, of \^ a _ \* "'V r t fi 

the histogram Hist (x) are filtered with a moving average :'(n)= ^d-?) 2^ / (l -/r /) 

filter in order to calculate a local mean-value-discriminator '^'^ 

for separation of foreground and background, the 

foreground — being the interesting part— will only have a 20 where P(n) is a function of the n'th pixel value xn. P(n) may 

limited effect on the filter response. This is due to the nature be implemented by the look-up table 47. 

of a linear low-pass filter. This equation is extended with the function p"^ according 

FIG. 7 shows a histogram Hist (y) for an original (being to the invention, 
the same as the one mentioned above) with weighted pixel 

values y, the histogram for the separated and weighted 25 

foreground and background being labeled Hist (y^-) and ^. , , r^i, .. rr-i 
Hist iyfg)' In this case the vanance or the foregroimd is 
enhanced relative to the background. If these pixel values 
belonging to Hist (y) arc filtered with a moving average 

filter, the filter response wiU be more responsive to the 30 p-i( ) is the inverse weighting function implemented by 

foreground. However, this filter response is not feasible for ^^^^^ i^^^.^p t^bi^ 48 and may be the inverse function 

thresholding because the mean value of the weighted and ^^e weighting function P( ). The function P( ) may e.g. be: 
non- weighted pixel values m general will be different. In the 

prior art, this problem has been overcome by applying an i c \ c 

additive constant value to the filtered pixel values so as to 3s — : — ' — ; ^; — ^- — ; exp(jc„); Ci(exp(j:„)-C2) 

re-establish the mean value of the original pixels, and to n n n n 

restrict the weighting function such that the mean value is 

distorted as little as possible; that is, a function being close or any other feasible continuous or piecewise linear 

to a linear function and thereby limiting the power of the function, where cl and c2 are constants, 

weighting of the pixels. In order to be computationally 40 Making the reasonable assumption that the moving area 

feasible the additive value had to be a constant or operator filtering process does not effect the approximated mean 

selected value, based on a visual inspection of the scanned value and variance of the separated foreground and back- 

and reproduced document. ground of a scanned original (see FIGS. 4 and 5), it becomes 

According to this invention it is realized that the 2D clear that an additional mean value introduced by the 

moving area average filter preserves the mean value and 45 weighting function P must be removed with the inverse 

therefore makes an inverse weighting function a good choice function p"^ in order to preserve the shape of the overall 

for re-establishing the mean value of the pixels of the histogram. This provides a threshold determination where 

original. the variance ratio between the foreground and background 

The description of the signal processing implemented by can be scaled freely before the filtering process, 

the circuit shown in FIG. 2 can be rewritten in order to 50 Amoving area average process will have a 'filter window' 

reflect the mathematical compulations: within which pixels in the tail of that window will constitute 

The function implemented by the register 40, the look-up a limited response on the filter output relative to pixels 

tables 38, 41, and the adder 39 is a moving average along located in the beginning of the window. The window origi- 

scan lines, z'(n). nates at the position of the actual pixel to be filtered. The size 

w f wi ftw window may be controlled by selecting a limited 

number of summations at each pixel iteration or effectuated 

which may be expanded: by the resolution of the signal processing, e.g. 8 bit. 

Another preferred embodiment of a scarmcr according to 

_ -A . the invention is based on dividing the scanned original into 

zKn)- 2_^f'{ - f) -yin-i) ^ number of zones and calculating threshold values for 

pixels in an actual zone. 

FIG. 8 shows a preferred embodiment of an apparatus for 

where n is the actual pixel number, f is a constant, and y is scanning a document and preparing the signal provided by 

the input to the moving average along scan lines. the scanning for a reproduction, using zoned adaptive 

The function implemented by the FIFO 45, the look-up 65 thresholding. FIG. 8 is different from FIG. 1 in that the 

tables 42, 44, and the adder 43 is a moving average across threshold values from the threshold determination circuit 9 

scan lines, z(n). are not passed directly to the grey-scale -to -binary- 
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comparator 15, but through the controller 10 and a storage 
circuit for storing threshold values for each respective zone. 
The controller 10 transfers the threshold values determined 
by the threshold determining circtut 9 to the RAM 17. The 
counter 22 is reset by a line clock signal LC from the clock 
generator unit 11 and is increased by one each time it 
receives a CLK clock pulse. The counter value represents 
the pixel number in a line, and the four most significant bits 
(4MSB corresponds to sixteen zones) are transferred to the 
RAM 17 for addressing the corresponding threshold value. 
The addressed threshold value is transferred to the first 
comparator input of gray-scale-to-binary-comparator IS. 

The detailed description of the invention has so far been 
concerned with the adaptive threshold determination. How- 
ever a special and feasible aspect of the invention is obtained 
if the weighted adaptive threshold determination is com- 
bined with a dithering process. 

FIG. 9 shows a preferred embodiment of an apparatus for 
scanning a document and preparing the signal provided by 
the scanning for a reproduction by means of zoned thresh- 
olding and dithering. The parts of FIG. 9 involved in the 
scanning and the threshold determination are similar to those 
shown in FIG. 8. Therefore only the dithering part of FIG. 
9 will be considered in the following. 

It is desired to reproduce the scanned document in a 
manner where "dark grey areas" become black ("O'*) and 
"white areas" become white ("1"), while grey areas 
in-between keep their overall grey appearance due to a 
pseudo random distribution of black and white pixels in the 
grey area corresponding to the original tones of grey on the 
scanned document. It is well known to obtain a grey area 
appearance in a 1-bit per pixel reproduction. 

A technique useful for that purpose is called dithering, and 
this technique is e.g. described in "Digital Halftoning", by 
Robert Ulichney, The MIT Press, published 1987. It should 
be noted that the terms "dithering" and "dither circuits" are 
to be interpreted very broadly in the present: application, 
covering both the use of traditional dither matrices and error 
diffusion techniques. The purpose of the dithering is to 
convert a grey area on the scanned document into an area of 
a similar grey appearance obtained by an appropriate dis- 
tribution of black and white spots on the reproduction. In 
general this is achieved by providing black spots on a white 
sheet. 

It is well-known to a person skilled in the art to define the 
size of a dither matrix and the dither values or threshold 
values in the matrix. For the present purpose the dither 
matrices may be established in several ways. In one 
embodiment, the matrix may be determined universally for 
the scanner and never changed. According to the preferred 
embodiment the matrix is alterable by the controller during 
scanning and is varied in dependence on the statistical 
distribution of the adaptive threshold values known from the 
threshold determination. 

In the embodiment shown in FIG. 9, the dither matrix 
comprises a 4x4 element, as shown in FIG. 11. The con- 
troller 10 transfers a single dither matrix to a RAM 16, and 
two 2-bit counters 19, 20 count the number of pulses in the 
resolution clock signal CLK and the line clock signal LC, 
respectively. The two 2-bit counters 19, 20 wrap around 
when overflow occurs. The counter value addresses (line, 
row) represent the element in the dither matrix correspond- 
ing to the pixel present on the input of the gray-scale-to- 
binary-comparator 14. In the grey-scale-to-binary- 
comparator 14, the grey tone value is compared with the 
addressed dither matrix element, and if the grey tone value 
exceeds the matrix element value the output of the com- 
parator will be the binary value "1" (white), otherwise "C* 
(black). 
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The outputs from the two gray-scale-to-binary- 
comparators 14, 15 are received by a logical AND -gate 18, 
and if both the outputs from the two gray-scale-to-binary- 
comparatOTS 14, 15 are the binary value "1", the AND-gate 

5 18 will output the binary value "1" (white) as the 1-bit 
representation of the pixel, otherwise "0" (black). This value 
may be printed on e.g. a laser printer, viewed on a display 
device, or stored in a file. Id this implementation the value 
is stored in the memory 21. 

FIG. 10 shows a preferred embodiment of an apparatus 
for scanning a document and preparing the signal provided 
by the scanning for a reproduction by means of moving area 
thresholding and dithering. The parts of FIG. 10 involved in 
the scanning and the dithering are similar to those shown in 
FIG. 9, but the zoned thresholding is omitted as known from 

1^ FIG, 1. The threshold values from the threshold determina- 
tion circuit 9 are passed direcdy to the first comparator input 
of the grey-scale-to-binary-comparator 15. 

FIG. 12 illustrates the function of the apparatus shown in 
FIGS. 9 and 10. The digital 8-bit grey tone values from the 

20 delay 8 are mapped into a binary grey tone representation by 
means of a dither matrix. The dither matrix shown in FIG. 
11 is stored in the dither RAM 16. When a grey tone value 
above the highest value (here 240) in the dither matrix is 
received on the input of the two grey-scale -to-binary- 

25 comparators 14, 15, the output from the dither comparator 
14 will always be "1". This means that the output from the 
AND gate 18 will be a "1" if the grey tone value is above 
the threshold value in the threshold comparator 15. When a 
grey tone value is below the lowest value (here 80) in the 

30 dither matrix, the output from the dither comparator 14 will 
always be "0", and the output from the AND gate 18 will 
always be "0". When the grey tone value is in the range 
between 80 and 240, the output from the AND gate 18 will 
be "1", if the current grey tone value exceeds both the 

35 adaptive threshold value and the dither value, and "0** if the 
current grey tone value is lower than — or equal to — cither 
the adaptive threshold value or the dither value. 

When the scanned original is very dark, light areas may 
become white by increasing the slope of the line in a the 

40 coordinate system shown in FIG. 12. By using the function 
b, all grey tone values above 200 will be imaged into white 
pixels. This may be done by a relative reduction of the dither 
values in the dither matrix in FIG. 11a, The dither matrix 
shown in FIG. ll(fc>) corresponds to function b in FIG. 12. 

45 In the dither matrix the maximum value sets an upper limit 
above which all grey tone values are turned into while. The 
minimtun value in the dither matrix sets a lower limit below 
which all grey tone values are turned into black. 

The information about the foreground/background shades 

50 of the original is already present in the apparatus as adaptive 
threshold values from the adaptive threshold determination 
unit 31 (FIG. 13). Therefore this information may be trans- 
ferred to the unit 32; that is via the controller 10 in FIG. 9 
or 10 determining the algorithm for the dither matrix. 

55 According to the invention, grey areas keep their overall 
grey appearance due to a dither distribution of black and 
white pixels in the grey areas corresponding to the original 
grey tone on the scanned document for grey foreground 
parts of the document, but are forced to black in the dark 

60 grey foreground parts of the document having grey tones 
below the adaptive threshold. According to a preferred 
embodiment of the invention, means arc provided for pre- 
venting very light parts of the document from being forced 
to black when the adaptive threshold detects the foreground 

65 in these parts, maintaining the dither representation, as these 
very light parts often contain information that would other- 
wise be suppressed by the adaptive thresholding. 
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A preferred method of determining values in the dither classified into four categories (I-IV) and indicates the trans- 
matrix as a function of the adaptive threshold is to set the formation technique. The same is shown in FIG. 17 where 
minimum value in the dither matrix equal to a collection of the left triangle illustrates the multi-bit signal and the right 
information on the actual adaptive threshold values, e.g. a triangle the 1-bit signal for reproduction, 
running average. In order to maintain an optimal grey tone s With a dither matrix as shown in FIG. 11a, the transfor- 
resolution, that is a resolution of 16 for a four times four mation of the grey tone values generated by scanning into 
dither matrix, the vahies in the dither matrix may be dis- the 1 bit representation, as explained with reference to FIG. 
tributed between the minimum and maximum values so as to 15 will be discussed with reference to FIG. 16 and FIG. 17. 
provide the optimal visual destination. With this approach. As will be seen from FIG. Ua, all dither values (1-16) are 
the effect of a weaving grey tone foreground is eliminated lo located within a range (here 80 to 240). 
due to the fact that the adaptive threshold is a representation The output from a "white area" with grey tone values in 
of the foreground, and that the dither matrix is adapted to the range 240-255 will exceed the limit L, whereby the 
this foreground representation. In a practical implementation output from the comparator 28 and thereby the OR gate 30 
it win be suflScient to select one out of a number of will be "1"; also the output of the dither circuit 14 is always 
predefined dither matrices depending on the actual threshold 15 "1", causing the output of AND gate 18 to always be "1". 
value. FIG. 14 shows a scan line from a scanned document. The transformation of these "white pixels" will be placed in 
Even though the foreground 50 is 'weaving', the three lines the range I in FIGS. 16 and 17. 

52, 53, 54 printed on the document will be reproduced with The output from an "almost white area" with grey tone 

almost the same binary grey tone representation (dither values in the range 170-240 wiU always be dithered in this 

value). 20 embodiment. The grey tone values will exceed the limit L, 

The function illustrated in FIG. 14 is implemented by the whereby the output from the comparator 28 and thereby the 

controller 10 which receives the actual threshold values OR gate 30 will be "1". This will allow the signal from the 

from threshold determination unit 9, and which performs the dither circuit 14 to just pass through the AND gate 18. The 

collection of statistical information and uses the gathered transformation of these "almost white pixels" will be placed 

threshold statistics as an input to a transfer function deter- 25 in the range II in FIGS. 16 and 17. 

mining the actual dithering matrix to be used. The controller In this embodiment the output from a "grey area" with 

10 finally loads the matrix to the RAM 16. The dithering grey tone values in the range 80-170 will be either dithered 

representation is hereby transformed so that the 'weaving' when the grey tone values exceed the adaptive threshold 

foreground is removed from the grey tone representation "Thr", or black when the grey tone values are lower than, or 

output from the dither circuit. 30 equal to, the adaptive threshold "Thr". When the grey tone 

An alternative embodiment of the configuration of the values exceed the adaptive threshold, the output from the 

dither circuit and the threshold circuit is shown in FIG. 15. comparator 27 and thereby the OR gate 30 will be "1". This 

The signal comprising the scanned grey tone values is will allow the signal from the dither circuit 14 to just pass 

transferred from the delay 8 via a multi-bit bus (8 bit) to the the AND gate 18. When the grey tone values arc lower than, 

gray-scale -to-binary-comparator 14 in which the grey tone 35 or equal to, the adaptive threshold, the output from the 

values are compared with the dither values in the dither comparator 27 and thereby the OR gate 30 will be "0". 

matrix. The values in the dither matrix are received from the Hiereby the output from the AND gate will become a "0". 

RAM 16 including the values as discussed above. The transformation of these "grey pixels" will be placed in 

The undelayed grey tone values from the multiplier 7 are the range III in FIGS. 16 and 17. 

transferred to a circuit 26 for determination of the adaptive 40 The output from an "black area" with grey tone values in 

threshold values in dependence on said transferred unde- the range 6-79 will always be black in this embodiment. The 

layed grey tone values from the original. This can be done gray tone values will never exceed the lowest dither value, 

as described above. whereby the output from the AND gate 18 will always be 

Two gray-scale -to-binary-comparators 27 and 28 receive "0". The transformation of these "almost black pixels" will 

the grey tone values (G) from the multi-bit bus. The first 45 be placed in the range IV in FIGS. 16 and 17. 

comparator compares the present grey tone value "G" with A further alternative embodiment of a dither circuit for a 

the adaptive threshold value (like the comparator 15 in FIG. unit according to the invention is shown in FIG. 18. The 

9), and gives the value "1" as the output if the grey tone "G" dither circuit is based on an error diffusion algorithm. The 

exceeds the threshold. The second comparator compares the dither circuit in FIG. 18 may replace the corresponding parts 

present grey tone value "G" with a fixed hmit value "L", and 50 shown in FIG. 9, 10 and 15, said parts comprising the dither 

gives the value "1" as the output if the gray tone "G" exceeds circuit 14,16,19,20 based on a dither matrix, 

this hmit "L". The outputs from the two comparators 27 and In the present embodiment the multi-bit signal comprises 

28 are fed to a logical OR gate 30 which gives the value "1" 8-bit values (values 0-255) and is passed from the delay 8 

as the output if at least one of the outputs from the com- via a look-up RAM 31 to the multibit inverter 35 inverting 

parators has the value "1". 55 8-bit values in the range 0-255 to 8-bit values in the range 

Compared with the embodiments shown in FIGS. 9 or 10, 255-0. The output of multibit inverter 35 is passed to an 

the threshold part 26-30 gives the output "1" when "G" adder22. An error signal is added to the delayed signal in the 

exceeds the fixed Hmit value "L", e.g. 170. This means that adder 22. The compensated signal from the adder 22 is fed 

the adaptive threshold is inactive above the limit "L", to a comparator 33 for conversion into a one-bit represen- 

whereby an "almost" white area (typically in the grey tone 60 tation in dependence on the comparison of its grey tone 

range 170-240) will be dithered. Lines from e.g. soft cray- value and a fixed threshold greater than or equal to the value 

ons wDl hereby be visible. of 255. The output from the comparator 33 is fed via the 

FIGS. 16 and 17 show two different ways of illustrating single bit inverter 36 to the memory 21 for storing before the 

the multi-bit to 1-bit conversion in the unit disclosed with reproduction or saving to disk storage, 

reference to FIG. 15. In FIG. 16 the grey tone values are 65 The one-bit output signal from the comparator 33 is 

depicted on the x axis in the range 0-255 (for an 8-bit branched into a converter 23, in which the values "0" and 

signal). The y axis shows how the grey tone values are "1" are converted into the values "0" and "255". This 8-bit 
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signal with two valid values represents the pixels in the second means for providing a filtered signal which is a 

generated one-bit representation and is used for the com- filtered version of said weighted discrete signal; 

pensation of the subsequent pixels. The compensated signal third means for generating a second weighted signal, 

from the adder 22 is fed via a branch to a second adder 24. which is a weighted version of said filtered signal; 
In this adder the signal from the converter 23 is subtracted s comparison means for producing a binary output as a 

from the compensated signal from the adder 22 for gener- function of said discrete signal representing pixels in a 

ating a representation for the error generated by the conver- scanned region and said second weighted signal, 

sion in the comparator 33. This error representation is fed 2. An optical scanner according to claim 1, wherein the 

into an error filter unit 25 in which the errors are fractionated signal representing pixels is generated as a digital multi-bit 

and stored for correcting subsequent pixels. The fractionated signal. 

errors for the pixels are summed up before correction of the 3. An optical scanner according to claim 1, wherein said 

subsequent pixels. Errors in the conversion are hereby used comparison means takes said second weighted signal as 

to generate correction factors in a way so that the overall threshold values for converting said discrete signal repre- 

appearance of the original and the reproduction will be the senting pixels into a binary output. 

4. An optical scanner according to claim 3, wherein the 

An example of a transfer function stored in the lookup ^^^^^^ signal represents pixel values and wherein the 

RAM 31 by the controller 10 is shown in FIG. 19. Similar discrete signal is delayed prior to the reception in said 

to the function of the dither RAM 16 described above, the comparison means by means of a delay, said delay allowing 

grey scale values exceeding a predetermined "highest value" said threshold values to be based on pixels both preceding 

(e.g. 240) are forced to be "white" (and wiU have the value and succeeding the pixels for which the adaptive threshold 
255). This will, via inverter 35, force the input to adder 22 20 values arc determined. 

to the 8-bit value 0, and as the 8-bit error signal from the 5, An optical scanner according to claim 1 further corn- 
error filter 25 comprising the other input to the adder 22 is prising means for providing variable resolution of the output 
normally less than the value 255 in a white area, the output compared with a resolution of scanning, 
value of adder 22 becomes less than the threshold of the 5. An optical scanner according to claim 1, wherein the 
comparator 33, forcing the output from the comparator 33 to ^5 descrete signal representing pixel values is interpolation 
be "0", which will again force the inverter 36 to output a "1" filtered prior to the reception in the comparison means, said 
(white). Likewise, similar to the function of the dither RAM interpolation filtering allowing the variable resolution of the 
16 described above, the grey scale values exceeding a reproduction to be greater than the resolution of scanning, 
predetermined "lowest value" (e.g. 80) are forced to be 7. An optical scanner according to claim 1, wherein said 
"black" (and will have the value 0). This will, via the g^st means and third means implement two weighting func- 
mverter 35 force the input to the adder 22 to the 8-bit value ^^^^^ ^^-^^ -^^^^^ ^^^^ ^^^^ 
255, and together with the S-bit error signal from Uie error ^ ^ ^^^^^ ^^^^^^ according to claim 1, wherein said 
filter 25 compnsmg the other input to the adder the 22, the n , • j j i_ t. - 

* * 1 f 'I'l J *u *u u ij f *L hfst means is proceeded by prc-cmphasis means, 

output value of adder 22 exceeds the threshold of the . K j- i-ol* j 

comparator 33, forcing the output from the comparator 33 to ^ ^' ^ ^P^^^^ according to clami 8, wherein said 
be "1", which will again force the inverter 36 to output a "0" 35 first means and third means implement two weighting func- 

(black). The controUer 10 may likewise control the slope of ^1°°^ ^^^^^ ^^"^^^^ ^^^^ ^^^^^f- 

the transfer function between the limit values. When the ^ optical scanner according to claim 1, whercm said 

transfer function is chosen so that input values in a given means includes pre -emphasis means, 

range are decreased, the reproduced output image from the 11- An optical scaimer according to claim 1, wherein said 
error diffusion algorithm of that range will appear more 40 ^hird means includes post-emphasis means, 

dark, because the error diffusion algorithm will decrease the 12. An optical scanner according to claim 1, wherein said 

distance between 'black' output pixels. This fact makes it first means and third means implement two weighting func- 

possible to compensate for foreground variations by adjust- tions which are respectively piecewise compounded, 

ing the characteristics of the transfer function according to 13. An optical scanner according to claim 1, wherein said 
the adaptive threshold statistics. In a preferred method, the 45 first means and third means implement two weighting func- 

slope of the transfer function shown in FIG, 17 is increased tions which are based on inverse, square -root, log, or expo- 

by increasing the start value of the slope (e.g, from 80 to nential mathematical functions. 

100) when the adaptive thresholds increases and visa versa. 14. An optical scanner according to claim 1, wherein said 

In a practical implementation it will be sufficient to select filtered signal is calculated as quasi-stationary values within 
one out of a number of predefined transfer functions. 50 a number of zones along the scarmed lines. 

In the foregoing specification, the invention has been 15. An optical scanner according to claim 1, wherein said 

described with reference to specific embodiments thereof. It second means uses a two-dimensional digital filter, 

will, however, be evident that various modifications and 16, An optical scanner according to claim 15, wherein 

changes may be made thereto without departing from the said two-dimensional digital filter is an infinite impulse 
broader spirit and scope of the invention as set forth in the 55 response, II R, type. 

appended claims. The specification and drawings are, 17. An optical scanner according to claim 16, wherein 

accordingly, to be regarded in an illustrative rather than in a said two-dimensional digital filter is a moving area average 

restrictive manner. filter. 

I claim: 18. An optical scanner according to claim 17, wherein 

1. An optical scanner having a weighted adaptive thresh- said two dimensional digital filter is divided into an along 

old value determination for generating a one-bit reprcsen- line and an across lines section. 

tation of a scanned original, comprising: 19. An optical scanner according to claim 1, further 

an optical detecting unit which provides a discrete signal comprising: 

representing pixels in a scanned region; means for providing a one -bit representation in the form 

first means for generating a first weighted discrete signal, 65 of values from a dither circuit; 

which is a weighted version of said discrete signal means for converting the discrete signal into a signal 

representing pixels in a scanned region; comprising a one-bit representation, said conversion 
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being responsive to the individual pixel values, the 
adaptive threshold values, and the dither values from 
the dither circuit. 
20. An optical scanner according to claim 19, further 
comprising: 

means for comparing the discrete signal with the adaptive 
threshold values for converting the individual pixel 
values into a one -bit representation; 
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means for passing the discrete signal through a dither 
circuit for converting the individual pixel values into a 
one-bit representation and selecting one of the one bit 
representations from the two comparisons as the one- 
bit representation output from the means for convert- 
ing. 
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